By means of primary, secondary and tertiary 2n + 1 types, a wide range of forms differing more or less strongly one from the other in a variety of characters have been secured in Datura stramonium.' The extra chromosomal material which is responsible for their peculiarities can be transmitted to only a part of their offspring and hence such forms cannot breed true. Pure-breeding types similar in appearance to some of the 2n + 1 forms just mentioned have become possible, however, now that a knowledge has been gained of the effects of different parts of chromosomes when present as extras and now that a source of modified chromosomes with which to form new combinations has become available in our collection of prime types.2 In the present paper we shall describe some of the methods of synthesizing pure-breeding types with extra chromosomal material without recourse to lethal factors.3
For convenience the 1 2 or largest chromosome was first chosen as source of extra material in attempting to work out methods of synthesizing pure-breeding types. The effects of this chromosome as an extra has been discussed elsewhere.' The primary 2n + 1-2 type called "Rolled" has two secondaries, "Polycarpic" (2n + 1.1) and "Sugarloaf" (2n + 2.2). Striking differences have been found in the physiology of their pollen grains4 as well as in the appearance of the plants. The ln + 1-1 grains of Polycarpic fail to germinate; the in + 1-2 grains of Rolled germinate but the tubes burst in the style and so fail to function; the ln + 2-2 grains germinate and develop a slow-growing group of tubes which may take part in fertilization when competition is reduced by the application of a limited amount of pollen. Buchholz's studies showed that neither the 141 nor the 1-2 chromosomes could be transmitted through the pollen as extras but that the 2-2 half should be thus transmitted. These predictions have been confirmed by breeding experiments.
In addition to the secondary chromosome 2-2, several of the primary chromosomes (11-12, 13-14, 15-16, 21-22) were recognized although they may have been represented by certain weak plants which died before reaching maturity. Four extra *2 halves would probably be such a severe unbalance that it would prevent continued growth-without special methods of culture. If a secondary tetrasomic 2n + (2 2)2 type were found and brought to maturity, a peculiarity of secondary chromosomes would act, in addition to the factors discussed above regarding primary tetrasomics, in preventing such a plant from forming the starting point of a pure breeding race with extra *2 material. Secondary chromosomes most commonly unite by their ends to form "doughnuts" at reduction and thus go to the poles without regard to the other chromosomes.
Extra chromosomal material in the form of fragments should be easier to get through the pollen than secondary chromosomes since the unbalance is less. Several such fragment types are known with extra *2 material in Datura. One, called "Loafoid," has a free fragment which consists of an outer part of the *2 half. It is equal in size to about one quarter of the 2-2 chromosome. Loafoid plants were so named because they resemble the 2n + 2-2 type called Sugarloaf. The complex of characters behaves in inheritance as a dominant. Thus a heterozygous Loafoid parent threw 81 normals to 53 Loafoids in which the Sugarloaf characters were more or less strongly expressed. A homozygous Loafoid, shown by cytological investigation to have 2 fragments, was selfed and produced a progeny in which were recognized 11 normals, 53 "weak" Loafoids and 23 "strong" Loafoids. Weak and strong refer to the degree of expression of the Sugarloaf characters and not to the vigor of the plants.
Judging from the appearance of the strong Loafoids, they probably included some with three fragments although they were not studied cytologically. A number of other fragment types have been gotten homozygous for the fragment but in all cases they throw a considerable number of normals in their offspring as does Loafoid.
Fragment types as well as 2n + 1 types discussed earlier cannot breed true because the extra chromosomal material which they contain is not necessary to the process of reproduction. Success in the attempt to obtain pure-breeding types with extra chromosomal material has been won, however, by ioining the extra material to chromosomes which the plant cannot get along without. Three examples will be given in which the extra material has come from the *2 half of the 1 2 chromosome.
1. In the preceding paper, a prime type (PT 6) was listed which is characterized by a free .1 fragment and an attached *2 portion forming the 2 11-12 chromosome. These *1 and *2 portions are of value in making up compensating types' and in synthesizing pure-breeding types as will be seen shortly. By selfing a parent heterozygous for PT 6, the .1 fragment was eliminated and a type homozygous for the attached *2 fragment was secured. It has been listed as PT 5 and its formula may be written 2n -(11-12)2 + (2-11-12)2. The *2 half must be carried by both pollen and eggs because it is attached to the only 11-12 chromosomes possessed by the plant. Without this chromosome the gametophytes would perish. The race has bred true for 5 generations and resembles closely the secondary type, 2n + 2-2.
2. It was seen that if the portions into which the 1-2 chromosome broke in forming PT 6 were equivalent to the portions making up the halves of the 1.1 and the 2-2 chromosomes, it ought to be possible to compensate the 1.1 chromosome with 2111-12 and the 2-2 chromosome with the .1 fragment. The compensating type 2n -1-2 -11-12 + 2-11-12 + 1-1 which has been secured cannot transmit its 1-1 chromosome through the pollen. Since it cannot breed true it need not concern us further here. The compensation between the 2-2 secondary chromosome and the -1 fragment is of more interest. The *1 fragment cannot be transmitted through the pollen as an extra and the 2-2 chromosome can be thus transmitted only under special conditions. It was useless to attempt to combine the two chromosomes by using pollen of a 2n + -1 plant on a 2n + 2*2 female and the mathematical chances of the reciprocal cross producing a 2n + 2-2 + *1 zygote were small even if such a highly unbalanced plant should be capable of reaching maturity. Another method, therefore, was employed in getting the two chromosomes together. A 2n + 2-2 female was crossed with PT 6. The 2n + 2-2 individuals in the progeny were heterozygous for the 1 fragment and for the attached *2. In the next generation a number of Sugarloaf types would be expected such as homozygous and heterozygous PT 5, the secondary 2n + 2-2 and types homozygous and heterozygous for the compensating chromosomes 2 2 and *1. It was possible to eliminate the normals and the heterozygous individuals with weakly expressed Sugarloaf characters by inspection. Among the strong Sugarloaf individuals, one with about 15 per cent aborted pollen was chosen for cytological investigation since it was expected that the desired type would give a considerable proportion of aborted pollen. It was found-as expected to have two 2-2 chromosomes and two .1 fragments. Its formula may be written 2n -(1-2)2 + (2.2)2 + *12. It contains no 1-2 chromosome. The necessary 12 material is divided betwee.4 .the compensating chromosomes 2-2 and .1. Each whole 2-2 chromosome is therefore necessary but each has an unnecessary *2 half extra. The two 2'2 chromosomes tend to form "doughnuts" at metaphase and go at random to the two poles. Pollen grains which lack a 2-2 chromosome will abort, since no gametophyte with a deficiency is viable. By non-disjunction, zygotes with an extra 2-2 or with an extra -1 chromosome might be expected. Such types would be highly unbalanced and would have difficulty in reaching maturity. If they lived to produce seed, their offspring would tend to revert to the type under discussion. They could never produce normals since the 1 2 chromosome is lacking. The type has been under observation for only 2 generations. It is indistinguishable in appearance from the 2n + 2-2 type and appears to breed true.
3. The third pure-breeding type was synthesized from three different prime types. PT's 9 and 10 were combined and crossed with PT 12. A plant with Sugarloaf appearance-in the F2 was identified cytologically as having the following composition: 2n -(13 14)2 -(23-24)2 + (2-14)2 + ( 24)2 + (13-23)2. The plant entirely lacked the normal 13-14 and 23-24 chromosomes. The 2 14 chromosome from PT 10 compensated with the 13.23 chromosome of PT 12 to give the equivalent in chromosomal material of a 13-14 chromosome. The 13-23 chromosome also compensated with the *24 fragment from PT 9 to give the equivalent of a 23-24 chromosome. There was left over after these compensations a *2 half chromosome. Since the plant was homozygous for the modified chromosomes and had two normal 1-2 chromosomes, it had two extra doses of the *2 half and in consequence showed the Sugarloaf characters of the 2n + 2-2 type. It has been cultivated for two generations. It appears to breed true, as would be expected since the *2 half is joined to the *14 fragment necessary to the life of the gametophytes. It is probable that in bringing in the compensating chromosomes *24 and 13*23, we have brought in also extra material from the 23-24 chromosome, judging from certam added peculiarities characteristic of the 2n + 23-24 type.
Photographs of these three synthesized types are being published elsewhere.' In all three, extra *2 material is present and induces similar morphological peculiarities in the appearance of the plants. The three are similar externally, and in the amount of chromosomal material in their cells. The distribution of this material in chromosomes however, is distinctly different. They are pure-breeding races and differ from the normal race from which they arose in a wide range of characters. Whether they are to be called new species in respect to the standard line depends upon the definition of a species. Morphologically they appear more worthy of the term than certain species of Datura already current m taxonomic literature.6 Perhaps the chief respect in which they differ from described species in nature may be thought to be that we know their method of origin and have synthesized them according to previous specifications. It must be confessed, however, that no species in nature are known to have chromosome arrangements comparable to the three synthesized races which are here described. It must be admitted, on the other hand, that the chromosomal constitution of few species in nature have been adequately analysed and further study may show that shifting of blocks of genes and addition of extra -chromosomal -material may have played a greater r6le in nature than is now evident.
There are two prerequisites to the synthesis -of pure breeding types with extra chromosomal material. (a) The extra material must be capable of being transmitted through the pollen as well as through the egg cells in order to obtain homozygous individuals. (b) The extra 'material must be joined to some chromosome or chromosomal part necessary to the existence of the gametophytes in order to force the race to retain the unnecessary chromosomal material and hence to breed true. Since a number of primary, and at least one of the secondary, chromosomes are capable of being transmitted through the pollen, a considerable variety of STmARY SHOWING TYPEs IN DATuRA WITH MODIFIED 1 2 CHROMOSOMES The Secondary type 2n + 2 2 has 25 chromosomes and cannot breed true.
The fragment type 2n + X2 has 26 chromosomes but does not breed true.
The type 2n-11 1212+ 2 11 122 has 24 chromosomes and breeds true.
The type 2n-12 2 + { } has 26 chromosomes and breeds true.
[ 13 *i1412) (< 2E*i14!2 [IRI2} has 26 chromosomes Success in tying usable extra chromosomal material to essential chromosomes or chromosomal parts is dependent upon having available an assortment of modified chromosomes upon which to draw. Such an assortment is available in a collection of prime types discussed in the preceding paper. The chromosomes formed by simple translocations like those in PT 6 are especially valuable. With the material available and with the methods already successfully employed it is evidently only a matter of time before it will be possible to synthesize a considerable number of pure breeding types with different kinds of extra chromosomal material and hence with different external characters.
The present paper is a contribution to methods. Their ultimate use in economic forms may depend upon first obtaining a knowledge of the effects of individual chromosomes and parts of chromosomes when present as extras.
The types discussed in the present paper are summarized in the adjoining 4 Buchholz, J. T., and Blakeslee, A. F., these PROCEEDINGS, 16, 190-195 (1930 Many eversporting characters have been encountered in plants and animals. Some cases seem best explained as unstable genes which mutate frequently (Emerson,2 Demerec3'4 6f). This paper describes cases of eversporting eye color in Drosophila melanogaster in which the incidence of sports is apparently dependent upon the distribution of an extra Ychromosome.
Wild type males were treated with x-ray and mated to untreated females. Their first and second generation descendants were examined for sexlinked and dominant autosomal mutations. Three sex-linked mutations causing mottled eye color . appeared, called mottled-l, mottled-2 and mottled-3.
Each of these mottled stocks produces, under certain conditions, redeyed flies which are apparent reversions to wild type. Eversporting .in mottled stock is not new. Muller7 describes a mottled stock which segregates into dark and light mottled classes. He finds it possible to select darks which produce mostly dark progeny, and lights which produce mostly lights. Patterson8 describes a different situation. He finds that red eyed flies from his mottled line produce the same proportion of mottled progeny as do their mottled sisters.
Our mottled stocks differ from each other in their amount of mottling. We have some evidence that an environmental agent, probably temperature, plays a large part in determining how much color is to be present in the eyes of mottled ffies. Mottled-3, and to a less extent mottled-i, approach and actually overlap normal red eye color in their range of
